Abstract-A pipe cleaning robot for central air-condition named PCV-1 is developed to adapt to the pipe environment. This robot consists of three parts: middle part and front part as well as back part. One part in the middle of the robot is the driving unit, which utilizes the spring mechanism to get the normal pressure and utilizes the active driving wheels to actuate the robot. The front part and back part are similar in structure. These two parts can modulate the turn angle of the robot to realize turn motion for the pipe adaptation. This robot can move in the vertical pipe beside in the horizontal pipe, which enables it move in the air conditioning pipe system. The movement capability of this robot was verified through experiments.
I. INTRODUCTION
ith the development of society, a central air conditioning system, which can regulate effectively air and wet air speed, is utilized in a growing number of buildings and top grade villas, so as to improve people's living and working environment. However, as most superior filters are only suspended particles of more than 3ȝm. Many harmful particles and dust, bacteria, viruses, and substances such as carbon radiation of long-term accumulation, a large number of dust and pollutants can be formed easily in air tube, as shown in Fig.1 . If the central air-conditioning vent pipes can not be cleaned in a timely manner, it will lead to the loss of energy due to the increase of air resistance. At the same time it also makes the indoor air pollution and bacteria as well as infectious diseases, which seriously affect people's quality of life and make threats to human health.
The benefits of cleaning air duct are listed as follows: 1) To ensure indoor air clean: blowing phenomenon of central air-conditioning disappears and the risks of affecting the quality of work environment are eliminated to ensure the staff's health.
2) To reduce system operating costs: cleaning pipe can reduce wind pipe system resistance and unit energy consumption as well as reduce air-conditioning systems maintenance costs. There are some central air-conditioning ventilation pipe cleaning robots in foreign countries [1] [2] [3] [4] , such as Denmark Danduct, Sweden Wint2clean etc. In China, "atypical pneumonia" in Shanghai after the "Legionella" pneumonia cases of incident raises awareness of the importance of air quality. A growing number of scholars and experts have begun to conduct relevant researches [5, 6, 7] . Tsinghua University developed a smart clean-up robot [5] , which can move in the horizontal pipe to complete the assigned tasks. The China's central air conditioning pipe is not same as Europe and the United States and other developed countries, which have uniform standards and norms. Many Chinese central air conditioning systems were installed according to construction limit, which make the pipe different and non-standard products can be done. So it is very difficult in the design of cleaning robot to be used in Chinese air conditioning system. Because of China's specific circumstances of the air duct and the limitation of current pipeline cleaning robots that can not complete the vertical pipe cleaning task, a set of air conditioning duct cleaning robot system called PCV-1 (Pipe Cleaning Vehicle) has been developed, as shown in Fig.2 . The capability of this robot is listed as follows:
1) It can move not only in the horizontal pipe but also in a
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2) It can execute turning movements in both directions to adapt to pipe connection.
3) It is equipped with a comprehensive monitoring, cleaning and spraying systems as well as remote control system. This paper introduces the design and control system of the robot PCV-1. The experimental tests have been used to demonstrate its effectiveness and validating the robot for cleaning the central air conditioning system. PCV-1 pipe robot system consists of synchronized devices, tension mechanism, driving system, cleaning and spraying devices, power supply and control system components ( Figure 3) . The robot has two passive degrees of freedom: pitch and yaw degrees of freedom, which allows the robot to adapt to the curved shape of pipe in both directions. Therefore, it does not need to change its position and posture in the circumstances. The tension mechanism provided the robot with normal pressure to keep the stability of movement and generate forces between robot and pipes to keep its position in vertical and curved pipe conditions. The robot can carry a variety of cleaning and disinfection equipment to complete the tasks. The parameters of PCV-1 are listed in Tab.1.
A. Driving Mechanism
In order to acquire sufficient driving force in the square pipe, the driving system of this robot is coupled with the inner wall of pipe by means of 4 elastic contacts, as shown in Fig.4 . A DC servo motor directly drives the tension wheel. Positive pressure between tension wheel and tube wall can be adjusted through the modulation of the compression strut and regulation of spring. Driving mechanism is arranged in the middle of the robot position. The front and back part are used to keep the stability of the robot. They adopted four passive wheels to contact with the inner wall of pipe to adapt to the pipe condition and they connected with the driving mechanism through universal joints. The dimension range of the rectangle pipe that this robot can pass through is from 300mm to 600mm. 
B. Synchronic device and supporting mechanism
In the movement, synchronic devices and supporting mechanism keep the robot moving stably in the pipe. In addition, they guarantee the movement symmetry in the pipe and uniform force to the inner wall of pipe. The synchronized part is driven by a flexible cable. The synchronous movement is realized through the 8-shaped configuration, which make the two axes to rotate in the opposite direction with same speed. The flexible cable connected to the sliding part of the sliding pair, which make the sliding parts to move the same distance and then to drive the same rotary angle. As shown in Fig.5 , when the robot is pressed into the pipe, it has been locked in a square tunnel and been stable. When the robot is moving in straight pipe, the flexible cable will drive the back part and forward part to form the same angle with the middle part to keep the complete contact with the inner wall for the stability of movement. The universal joints enable the robot to make a turn movement in the three dimensional pipe system. In addition, the elastic sliding pairs have also adopted the synchronous mechanism to keep the robot in stable posture and position in the pipe, as shown in Fig.6 . 
C. Basic principle of PCV-1 movement
Central air-conditioning wall provides frictional force for the propulsion of PCV-1. The pressure force of spring determines the driving force of robot. Basically, the driving force should always be larger than the robot weight to drive robot movement in the vertical pipe. All three parts of the robot can adapt to the pipe environment by means of synchronic mechanism.
D. Cleaning and Spraying Device
The aim of developing the pipeline robot is to regularly inspect pipes, cleaning and disinfection for air conditioning system. PCV-1 can be equipped with lighting, cleaning and disinfection of equipment and camera equipment, spraying equipment. It can also be installed some custom-built equipment to complete the specified operational tasks. 
E. Power and Control System
A 24V DC power supply Lithium battery is installed in the PCV-1. Also it can be switched to wire power supply. Because the metal materials of central air-conditioning wall can shield the radio signal, the communication between the robot and operator is realized through cable to avoid the data lost. Also it ensures smooth operation and robot movement and security. The control system structure was shown in Fig.8 . The basic performance of PCV-1 has evaluated by climbing in the pipe environment, as shown in Fig.9 and Fig.10. Fig.9 shows that the robot move in the straight pipe connected with an elbow branch. Firstly, the robot is pressed into the pipe. And then it moves in straight pipe. Secondly, the PCV-1 moves into the elbow. In this process, the synchronic mechanism keeps the stability of movement. The robot can move smoothly and perform the turning motion in the pipe. Also the robot can move in the vertical pipe, as shown in Fig.10 . The dimension of the pipe is 400mm in wide and 400mm in height. 
IV. CONCLUSIONS
In this paper, the Pipe Cleaning Vehicle-1 was introduced, it can move in the horizontal pipe and vertical pipe. And it successfully passed through the elbow branch connected with the pipe in two directions. The synchronic mechanism was very useful for the stability of movement. The experimental results have shown that: the robot could successfully complete a variety of pipeline movements. In future work, the control system and the equipments will be deeply researched. 
